During segmentation of vertebrate embryos, unsegmented mesenchymal mesoderm is divided into epithelial segments called somites. This process is governed by oscillating gene expression of the somite clock. A recent paper identifies the transcription factor Snail as a link between the somite clock and the control of somite morphogenesis.
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Somitogenesis is the process by which the segmented precursors to the vertebral column and musculature are generated during vertebrate embryogenesis. Morphological segmentation occurs when cells within the anterior of the mesenchymal presomitic mesoderm epithelialize to form bilateral pairs of somites ( Figure 1 ). This process is reiterated in an anterior to posterior direction, adding new somites as the embryo grows at its posterior. Morphological segmentation is governed by the somite clock, which creates oscillations in gene expression -predominantly of genes in the Notch pathwaywithin the mesenchymal presomitic mesoderm. These oscillations manifest themselves as repeated cycles of activation and repression of transcription, thus creating stripes of gene expression that traverse the presomitic mesoderm in a posterior to anterior direction ( Figure 2 ) [1] . In the anterior presomitic mesoderm, these stripes of mRNA expression represent the positional information that determines the location of each somite boundary [2] . While numerous studies have elucidated aspects of the molecular control of somite morphogenesis and the genetic basis of the somite clock, a recent paper by Dale et al. [3] , identifies Snail proteins as the most direct link between the clock and control of somite morphogenesis.
Snail proteins are zinc-finger containing transcriptional regulators that appear to control various aspects of cell morphology and cell migration. Specifically, Snail proteins promote mesenchymal morphology at the expense of epithelial morphology by down-regulating the expression of components of adherens junctions, such as E-cadherin and desmosomal proteins such as desmoplakin [4] . During chick and mouse embryogenesis, Snail expression is initiated as cells undergo an epithelial to mesenchymal transition while entering the primitive streak [5, 6] . Dale et al., [3] show that Snail expression oscillates in the presomitic mesoderm and disappears in the anterior presomitic mesoderm as cells undergo a mesenchymal to epithelial transition as each somite forms. Thus, Snail expression correlates spatially and temporally with the mesenchymal morphology of the somite precursors. Accordingly, they find that ectopic expression of Snail in the chick embryo prevents epithelialization of somite precursors in a cellautonomous manner. Together these observations suggest that Snail regulates somite morphogenesis [3] . Unfortunately, mice lacking Snail1 have no mesoderm, precluding an analysis of Snail function during murine somite morphogenesis without a conditional mutant [7, 8] .
Genetic evidence from the mouse and zebrafish implicates Notch signaling in the somite clock, whereas Wnt signaling has been identified as a component of the somite clock in the mouse. A number of oscillating Notch pathway genes is downstream of Wnt and at least one oscillating Wnt pathway gene, nkd1, is downstream of Notch. However, the relationship between the Notch and Wnt clock is not well understood [9, 10] . Intriguingly, the analysis by Dale et al. [3] , shows that Snail appears to function downstream of Wnt but upstream of Notch. Expression of Snail1 in the mouse depends upon Wnt3a, but not the Notch effector Hes7, and Snail2 expression in the chick still oscillates when Notch signaling is inhibited using the small molecule DAPT [3, 11] . In the posterior presomitic mesoderm, Snail1 expression is initiated prior to the expression of the oscillating Notch regulator lunatic fringe, yet the two genes generally oscillate in phase (Figure 2 ). In contrast, the Wnt regulated gene axin2 oscillates out of phase with lunatic fringe (Figure 2 ) [3] . These observations suggest that there are at least three modes of oscillating expression within the presomitic mesoderm: one for the Notch regulated genes, one for Wnt regulated genes and one for Snail which links the two pathways. It is tempting to speculate that the unique pattern of oscillating Snail expression is related to its role in linking the Wnt and Notch pathways and that perhaps other unknown genes that might oscillate in the same pattern may have the same integrating functions.
How might Snail regulate expression of the Notch pathway genes? It could bind to cisregulatory elements upstream of the oscillating Notch genes. Alternatively, Snail may interfere with the transduction of the Notch signal which is necessary for oscillation of the Notch target genes. The latter mechanism is illustrated by recent studies in Drosophila which found that Snail blocks Notch signaling by promoting the expression of Tom, a member of the Bearded family of proteins [12, 13] . Tom binds to Neuralized, a ubiquitin ligase that promotes the internalization of Delta via mono-ubiquitination. Binding of Tom to Neuralized prevents the mono-ubiquitination of Delta which is necessary for a Delta-expressing cell to activate Notch on an adjacent cell [12] . Thus, Snail could drive the expression of a Tom homologue in the presomitic mesoderm, thereby inhibiting Notch signaling. One argument against this hypothesis is that expression of the oscillating Notch pathway genes in zebrafish actually require mindbomb, which functions in a manner similar to that of Neuralized, but is not regulated by Bearded proteins [12, 14] .
Snail integrates Notch with Wnt pathway signaling and at the same time links the somite clock to somite morphogenesis [3] . However, the precise relationship between Notch and Wnt signaling and the control of pattern formation versus morphogenesis remains unclear. For example, one signaling pathway may establish segment polarity while the other might be more central to the control of morphogenesis. The pathways would be integrated in order to coordinate these events, but the pathways and processes may be genetically separable. Drosophila shows that establishing patterns of gene expression at a border and creating a lineage-restricted compartment boundary can be genetically separable, but linked [15] . During wing development, formation of the wing margin is dependent upon Notch, as well as on two putative adhesion molecules capricious and tartan. Notch is responsible for establishing patterns of gene expression at the prospective margin, but capricious and tartan maintain the lineage compartment [15, 16] . Pattern formation and creation of the lineage boundary can occur independently, but both processes must occur to produce a normal wing margin [15] . These processes are linked by the transcription factor apterous which controls capricious as well as the Notch pathway genes serrate and fringe. Moreover, Notch may also have a second, more direct role in generating the physical, lineagerestricting boundary [17] . This latter observation mirrors recent results suggesting that Notch functions in parallel to Integrin a5 in promoting the mesenchymal to epithelial transition during somite morphogenesis [18] .
As is the case with most genes, the cellular response to Snail expression is context dependent, allowing it to elicit distinct responses in the same cell lineage at different developmental timepoints. Snail expression Oscillations of expression of the three genes Snail1, lunatic fringe and axin2 at four timepoints within a mouse somite cycle (120 minutes). The anterior of each Snail1 and lunatic fringe stripe aligns as they oscillate in phase, with the exception that Snail1 expression initiates before lunatic fringe in the posterior. In contrast, axin2 oscillates out of phase with Snail1 and lunatic fringe. As individual cells begin transcribing axin2 before Snail1 and lunatic fringe, the posterior axin2 stripes are shifted anteriorly relative to the Snail1 and lunatic fringe expression domains. In the very anterior presomitic mesoderm, where the oscillations cease, the expression domains of all three genes align and fade prior to morphological segmentation. Each vertical column depicts the expression of each gene at the same timepoint. Anterior is up.
oscillates and, if protein levels also oscillate, then cells in the posterior presomitic mesoderm will go through periods of low Snail activity yet they do not undergo a mesenchymal to epithelial transition [3] . This could be due to high levels of Fgf signaling which may modulate the cellular response to Snail in the posterior presomitic mesoderm [19, 20] . Alternatively, the absence of Snail may be insufficient to elicit a mesenchymal to epithelial transition as genes which are only expressed in the anterior presomitic mesoderm may be required.
Taken together, Snail appears to have three successive functions in the somite anlagen. Early on, Snail may promote the epithelial to mesenchymal transition as cells enter the presomitic mesoderm during gastrulation; later, it links Wnt and Notch signaling within the somite clock and finally it regulates the mesenchymal to epithelial transition during morphological segmentation [3, 5, 6] . Exactly how Snail performs all of these functions awaits further examination.
